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ABSTRACT: The absorpti.on and CD spectra of reactton centers from the 

purple photosynthetic bacteria, Rhodopseudomonas viridis, Rhodospirillum 

rub_ruTJ!, and Chromatium are compared with those previously reported for 

Rhodopseudomonas spheroides. The reaction centers, with the exception 

of those from R:_ viridis, appear spectrally very similar. The spectral 

properties of the bacteri opheophyti n present in the reaction centers give 

no indication that the bacteri opheophytin ,is strongly interacting with 

the reaction center bacteriochlorophyll and imply, that the bacteriopheo­

phytin has no function in the transfer of electrons. The reaction 

centers from purple photosynthetic bacteria are compared with those from 

green.photosynthetic bacteria and higher plants. Significant differences 

are found among the spectra of photoactive complexes from these three 

classes of photosynthetic organisms . 
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The re~ction cente:rs of photosynth.ettc organi,sros are complexes con-
' . . 

tatntng protein? {_bacterioldiJorophy11 and oth~r primary photoreactants 
. . 

.· . . . 

of photosynthesis.· These complexes exhiblt light-induced, reversible 

absorption changes when a chlorophyll molecule withi.n the reaction center 

loses an electron to an unknown primary acceptor~ Associated with the 
' . 

re.action centers ln purple photosynthetic bacteria there are normally 

40.:.100 antenna· bacteriochlorophyll. (BCh 1) l molecules, which_ function to 

transfer lightexcitation energy to the reaction center. Several puri­

fied 0~ enri.ched re-action center preparations have been made from these 

bacteria (Reed and Clayton, 1968; Reed, 1969; Gingras and Jol-chine, 1969; 

Thornber et aL~ 1969; Thornber, 1970; Smith et al., 1972}. This is in 
...-.-- ---

contrast to green photosynthetic bacteria and higher plants from which 

purtfied reaction centers have not yet been i.solated. Only samples 

enriched in photoactive pi_gments havebeen obtained from these two classes 

·of photosynthetic organisrns(Fowler et .ll.:._, 1971; Olson et al., 1972; 

Kok, 1961;_ Vernon et .li.:_, 1969; Sane and Park, 1970). 

Despite much effort, little is known about the detailed structure 

or mechanism of action of the photoactive BChl-proteins. !.!!. vivo the 

reaction centers of.purple bacteria are membrane-bound within the 

chromatophore and isolation procedures require the use of a detergent 

to release and solubili_ze the reaction center complexes. The presence 

of detergent in the reacti.on center preparations is a hindrance to many 

biochemical analyses such as .molecular wei_ght determi.nations~ Even the 

1Abbrevtations used. are: BChl, bacteriochlorophyll; BPh, bacteri.o­

pheophytin; SDS, sodium dodecyl sulfate .. 

' 
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number of pigment molecules present pe.r ~rotein remai,ns unresolved .. 

Recent measurements (Feher, 1971 ~ Clayton et al., 1972) ,~ndicate that .,...... -
reaction centers from ~hodopseudomonas spheroides contain two molecules 

of bacteriopheophytin (BPh} and either three, four, or five molecules 

of ~Chl. Whether the BPh plays an important role in the electron transfer 

reactions remains unknown. Molecular weight approximations of reaction 

centers fromli:_soheroides (Feher, 1971), Rhodopseudomonas Viridis (Thornber 

and Olson~ 1971), and Rhodospirillum rubrum (Smith et EL_, 1972} give esti­

mates ranging from 37,000 to 110,000 daltons. 

The circular dichroism (CD) of reaction centers from .B.:_ spheroides 

in both the oxidized and reduced states has previously been analyzed by 

Sauer ~t al .. (1968}. They concluded, on the basis of large changes in 

the CD spectrum upon oxidation, that the reduced reaction center.contains 

three or more closely coupled BChl mole~ules which exhibit exciton inter­

action. In the oxidized state one of these molecul~~ has been converted 

to a BChl+ radical and the CD evidence for ~xciton interacti.o.n has disap­

peared, A model for the structure of the reaction center was proposed 

in which the oxidizable BChl was located between the other BChl mole-

cules. Thus, in the oxidized form, the remaining BChl molecules are 

separated by a BChl+, the distance between BChl molecules has increased, 

and resonance interaction. can _is significantly attenuated. More recent 

research (Philipson and Sauer, 1972; Schultz and Sauer, 1972; Philipson 

et al., 1972} has confirmed the existence of exciton interaction in photo--. -:-- . 

synthettc materials. EPR measurements (Norri.s et al., 1971; McElroy et al., 
. -· -. -.-·· ' -....-- -. -

1972) are consistent with the concept of interacting reaction center 

molecules, 

\ 

) 
I 
I 

\I 
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In th.is paper we e.xaJJ)i.ne absorption and CD s~ectra of reaction 

centers frOTil· R,. vi r!d1~'· .and !h. rub rum and of a ~reparatton enrtched .fn · 
reaction centers from Chromatium (Fraction AJ (Thornber, 1970} .. ·These 

spectra are compared with one another and with the previous results 

from~ spheroides. The reaction centers from purple bacteria appear 

spectrally very similar, except for those from !h viridis which show 

some marked dissimilarities, especially in the low temperature absorp­

tion spectrum. No CD evidence of interaction between reaction center 

BPh and BCh.l i.s detected, indicatin~ that the BPh probably does not 

attively participate.in the electron transfer reactions.· A comparison 

is made between the reaction centers of purple bacteria and those found 

in green bacteria (Olson et al., 1972) and higher plants (Phil ips on et ~, 

1972}_. 

Materials and Methods 

The reaction centers from B.:.. viridis and Chromatium Fraction A 

were prepared fn the laboratory of J .. t1, Olson, using the methods of 

Thornber (1970, 1971). Key·steps in the isolation procedures involve 

the use of the deterge~t, sodium dodecyl sulfate (SDS), for solubili­

zation, and hydroxylapatite chromatography. The R. rubrum reaction 

centers were prepared by w~ R. Smith in th.e laboratory of C. Sybesma 

(Smith etal., 1972} using SDS and sucrose density gradient centrifu­

gation. All samples were stored i.n th.e freeze-dried state and were 

resuspended {n the approprtate buffar just ~rtor to the ex~eriments. 
,, . 
' . 

Absorption spectra were recorded using a Cary 14R spectrophotometer 

and CD spectra were recorded using a Ourrum-Jasco J-20 spectropolarimeter 

with sensitivity extended to 1000 nm. Light-minus-dark difference 

.. 

~. 

• 
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spectra were obtained in both..instruments usi,n~ si.de. illumi_nation at 

530 run by a projector equipped with q 150 W tun~sten. lamp .. The wave­

length of i 11 uminati on \'las defi'ned by an i_nterference filter and a 

Cor-ning 4-94 filter. The incident light intensity was measured to be 

1.5 x 105 ergs cm- 2 sec"1. The photomultipliers were shielded from 

stray light with a Corning 2-64 filter. 

Results 

The ~oom temperature absorption and CD spectra for a dilute suspension 

of 1h rub rum reaction centers in both the chemically reduced ·and chemically 

oxidized states are shm>~n in Figure 1. The spectra result from the long 

wavelength, non-degenerate, Qy transitions of BChl a and BPh a. Three 

distinct peaks are seen in the reduced absorption spectru~. Those at 

802 and 865 nm are attributed to BChl a transitions and the peak at 

755 nm is usually assigned to BPh a (but see Feher, 1971). The 802 and 

865 nm components are commonly referred to as P800 and P870 respectively. 

Upon oxidation there is a bleaching of the 865 nm absorption band and a 

blue shift of the 802 nm component. These spectral effects, caused by 

oxidation (whether induced by light or chemicals), are qualitatively 

similar in _all purple bacteria reaction center preparations and produce 

a charact~ristic oxidized-minus-reduced absorption difference spectrum 

~. Figure Sb}. 

The CD spectrum (_figure 1} for this sample shows components at 

860 (+), 810 (-L 795 (_+}, and 745 C-1 nm.. [The symbols (+) and (-) 

after the wavelength values indicate the signs of the CD components.) 

Oxi.dation causes the 860 nm peak to disappear, the 810 nm trough largely 



to dtsappear?. and an tncreas.e. in magnitude. of th.e 195. nro peak.. The 

CD 0 n the region of BCh 1 a abs·orptionl he1s thus changed from a three 

to a two component spectrum.. The spectra shown i.n Figure 1 for &. 

rubrum reaction centers. are very similar, apart from some wavelength 

differences in the oxidized CD spectrum, to those previously described 

for &. spheroi des • reaction centers (Sauer et ~' 1968}. 
. . 

The reduced and oxidized absorption and CD spectra forthe 600 

and 535 nm (Qx) transitions of BChl a and BPh a, respectively, are shown 

in Figure 2 for the &_ rubrum reaction centers. In these spectra the 

only significant changes o~ing to chemical oxidation occur in the 

region of the BChl a fransiti.on. Here, the CD is significantly affected 

by tile redox state of the photoactive complex, going from a positive 

component at 605 nm to a negative one at 595 nm upon ferricyanide 

addition. The presence of scattering is responsible for a portion of 
. . . ) 

the absorption in this region, and it is possible that the negatively 

dtsphced baseline at 650 run in the CD. spectrum of the. reduced reaction 

centers is due to a scattering artifact. 

The absorption and CD results (Figure 3) for .!h viridis reaction 

centers at room temperature qualitatively resemble those for B.:. rubrum. 

The major difference is the much longer wavelengths at which the chromo­

phores absorb.. Here the photoactive pigments are P830 and P960 by con'"' 

trast with P800 and P860 in !h rubrum. Part of thi.s wavelength shi.ft is 

expl a'ined by the presence in &.. vi rid is of BCh.l b rather than the more 

corm,Jon BCnl a~ in acetone BChl ~ and BCh.l b absorb at 771 {ind 794 nm 

respectively· (E'imhjellen et· al., 1963) ... The structure of this molecule 

(Brockmann and Kleber, 1970; Baumgarten, 971}, although not camp 1 etely 

•• 

,~ ·• 

• 
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known, is closely related to that of BChl ~~ Also, in. thi~ reaction 

center, there is no clearly resolved absorption ~eak due to BPh b. The 

790 (-1 nm component i'n the CD (Figure 3} implies, however, that this 

pigment is present; the analogous component, at 745 (-} nm, in R. rubrum 

ts clearly associated with the BPh a absorption peak. 

Significant differences in the absorption properties of R. viridis 

qnd'!h rubrum reaction centers are found at 77°K (Figure 4}. In B..:_ 

viridis (Figure 4a) the low temperature absorption spectrum reveals 

much new structure, In the reduced state five components are resolved. 

P960 is split into two components absorbing at 929 and 987 nm and P830 

shows peaks at 833 'and 816 nm and a shoulder (probably due to the BPh b) 

at 790 nm. Chemical oxidation causes bleaching of both long wavelength 

bands and leaves two resolved components at the shorter wavelengths. 

The B.:_ rubrum reaction centers (Figure 4b) show no new structure 

at li_quid nitrogen temperature. The 865 nm band is shifted. to 890 nm, 

and P800, in both reduced and oxidized states, is narrowed but does not 

reveal any new components. Feher (1971) has reported that second 

derivative spectroscopy shows two components in the reduced P800 of ~ 

spheroides reaction centers at 77°K. The small peak at 890 nm in the 

chemically oxidized spectrum is probably due to incomplete oxidation. 

Chromatium Fraction A i.s a BChl-protein wi.th a molecularweight 

of about 500,000 and wi.th one photo-oxidizable. (P8801 molecule per 

approximately 45 BChl a molecules (Jhornbe.r, 1970} .. Si.nce the absorp-

tion and CD (Figure Sa}_ spectra i:n this case, are mostly a function of 

the bulk BChl molecules rather than of the reaction center i.tself, more 

infonnaticm about the r-eaction center ts obtai. nab 1 e from the 1 ight-mi nus -dark 
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absorpUon (figure- 5b 1 and CD (Fi-gure. 6dl diJfe.re.nce ~~ectra. The absorp­

tion difference spectrum (Ftgure 5b} has tfte famiJiar shape of a purple 

bacterial reaction center with components P800 and P880, The CD difference 

spectr'Jn: (Figure 69} for this enriched fraction can be compared with dif­

ference spectra calculated from the data for the purified reaction centers 

of !L_ viridis, !h. rubrur1, and !h spheroides (Sauer et .ll:_, 1968} (Figure 

6a,b~c}. Again the Chromatium reaction center appears to be quite similar 

to other purp 1 e bacteria reaction centers. ~ 

Discussion 
"·' .. ,, ... 

The CD spectrum of a BChl-protein is a sensitive ~easure of BChl-BChl 

interaction within the protein. A perturbation of the protein which affects 

the spatial ~rrangement of BChl ~olecules with respect to one another can 

result fn large changes in the CD .. Furthennore, if the interaction is 

strong enough, i.e., an exciton interaction (Kasha et .ll:_, 1965), as it 

appears to bejn ·rnan,y_pflotosynthetic materials (Philipson and Sauer, 1972; 
,·: - . :' i. . ,· .. \ i . : ;-~: .... : • . . ' . . • • . ·-. : ;,. • . . 

Schultz and Sauer, l~Hz; Phi'lipson et al.? 1972), theory predicts a ·. 

characteristic CD spectrum with multiple components of both positive and 

negative sign (Tinoco, 1963}. For non~degenerate transitions the number 

of resolved components will always be less than or equal to the number 

of interacting molecules. Pure BChl in solution exhibits a small CD 

with a single positi.ve component i_n, the long wavelength region. 

Since CD is more sen~itive than absorptton spectroscopy to protein 

conformation and :i:nte:nnol ecul ar i.nteracti_on, a_ comparison of the CD 

spectra of r~'qfion·ce~ters from different organi.sms can reveal simi.~ 
··~·~ . 

larities or differences between the Bctll-protein complexes that may be 
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undetectable in absorption experi_ments. \.fe. find that ~spheroides and 

!h. rub rum reaction centers are spectrally extremely s imi.l ar and may even 

have identical configurations. 

The techniques of absorption and CD difference spectroscopy shm-'1 

that the reaction center in Chromatium Fraction A also h_as much in 

coT!11lon with the B..:_ spheroides reaction center, the main difference 

being the shift of the long-wavelength transiti.on from 865 to 885 nm. 

The source of this is probably a slightly altered arrangement of reaction 

center BChl a molecules, possibly due to the presence of the antenna 

BChl a in this preparation. 

lh Viridis reaction centers exhibit unique spectral properties,. 

especially at liquid nitroge~ temperature where five resolved components 

are found in the reduced absorption spectrum. The five component spec­

trum implies at lea~t five reaction center pigment molecules (both 

BChl band BPh b). From the shape of its absorption and CD spectra 

(Figure 3) and from its spectral behavior upon oxidation (Figures 3 and 

6a) it is obvious that the reaction centers from t~e BChl b-containing 

R. viridis have much i.n common with those from other purple bacteria. 

It is thus possible that more components are present, but unresolved, 

in the reaction centers from the other purple bacteria. The fact that 

two components at 929 and 987 nm (Figure 4a) are. bleached in the oxidized 

states raises the possibility that B.:,_ vi ridis contains two different 

reaction centers. 1 f this is correct, i.t rematn~ to be determi.ned 

whether both reaction centers reside simultaneously on the same protein 

or whether they are separate proteins which can be isolated from one 

another. Experiments must also determine whether both photoactive com­

ponents, P930 and P990, play identical roles in the electron transport 
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pathways, Anomalous titration curves (Thornber ~nd Olson? 1971} for~ 

viridis reaction centers have already pofnte.d to the. presence. of reaction 

centers with different midpoint potentials~ 

BPh a J ori gina 1 l_ythought to be a contaminant (Clayton, 1966) in 

·reaction center preparatio~s~ has been found in stoichiometric amounts 

in more recent preparations (Clayton et al., 1972) and is now considered 

to be an intrinsic part of reaction centers. What function, if any, 

these molecules play isunkno\'m. The 745 (,-) (Figure 1) and 790 (-) nm 

(Figure 3} CD components of the ~ rub rum and ~ vi ri dis reaction centers , 

attributable to BPh~ undergo no significant changes upon oxidation, 

implying that the BPh molecules are not interacting strongly with the 

oxidizable BChl molecules .. This conclusion is further supported by the 

spectra of the Jh rubrum reaction centers in the Qx region (Figure 2}. 

The 535 and 600 nm absorption peaks are well separated and ~an be 

assigned with confidence to BPh and BChl respectively. In the CD spec­

trum the component due to BChl a changes dramatically with oxidation~ 

while. the BPh a spectrum remains essentially unchanged. 

Although reaction .centers from green photosynthetic bacteria ···. 

(P840) and higher plants (P700} have not yet been isolated, the absorp­

tion and CD difference spectra of samples enriched in P840 and P700 have . 
recentlybeen studied (Olson et al.., 1972; Ph.ili:pson et al., 1972} in 

this l~boratory. The .Photosystem I reaction center from spinach chloro­

plasts (Philip~onet aL, 1972} appears to have at least two Chl a 

molecules coupled by excUon i.nteraction .. Th.e. light-minus-dark dif­

ference CD spectrum for the e.nrtched P700 preparation has two components 

of opposite sign, similar to what is found for purpl~ bacterial reaction 
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centers (Figure 6).. The signs of the long ~nd short wavelength com-

ponents for the chloroplast preparations are reversed relative to those 

from bacteri'a, however.. Although the spinach and purple bacterial reaction 

centers may resemble one another in having strongly interacting chromo­

ph.ores, the detailed arrangement of pigments within these different 

reaction centers is significantly different. 

The reaction centers from green bacteria (Olson et al.,-1972) 
. ; ' ---

appear to be fundamentally different from those in purple bacteria or 

higher plants~ Although the difference absorption spectrum for the green 

bacteria has two negative components, the difference CD spectrum shows 

only a single negative component. Thus, the CD studies of reaction 

_centers from at least three major classes of photosynthetic organisms 

reveal significant differences among the different classes of reaction 

centers on this sensitive level of examination. 
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Ftgure L7gends 

Figure 1, Absorption and CD spectra of B.:... rub rum reaction centers. 

Reduced -- and oxidized ... -----. T = 24°C, 1 em pathl ength, 50 mM 

tris buffer (pH 8~0). Solid sodium ascorbate added to reduced sample 

and potassium ferricyanide crystals added to oxidized sample. 

Figure 2. · Absorption and CD spectra of .B.:_ rub rum reaction centers. 

Reduced -- and oxidized ----·--. T = 24° C, 1 em path 1 ength, 50 mM 

tris buffer (pH 8.0), A802 = • 52.. Sodium ascorbate added to reduced 

sample and potassium ferricyanide crystals added to oxidized sample. 

Figure 3. Absorption and CD spectra of .!L viridis reaction centers. 

Reduced and oxidized ------. T = 24°C, 1 em pathlength, 50 mM 

tris buffer (pH 8.0). Samples reduced with solid sodium ascorbate 

and oxidized with crystalline potassium ferricyanide. 

Figure 4. Low temperature absorption spectra of .!L vi ri dis (a) and 

B.:_ rub rum (b) reaction centers. Reduced --- and oxidized ------. 

T = 77~K, 3 rrm pathlength, glycerol :50 mM tris (pH 8.0) (1 :1, v/v). 

Samples reduced \~ith sodium ascorbate and oxi.dized with potassium 

ferrfcyanide. 

:·: .· 

Figure 5. Spectra of Chromatium strain D, Fraction A. a) Absorption 

and CD, b} Li_ght ... mi.nus-dark difference absorption. T = 24°C, 1 em 

pathlength, 50 ~ tris (pH 8.0.}, 3 .. 3 lJM phenazine methosulfate.. Actfva-
\ 

tion wavelength, 530 nm~ 

~--· 

I' 
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Figure 6. Oxidized-minus-reduced difference CD spectra. a) .B..:_ viridis 

reaction centers. Calculated from data in Figure 3. b) R. rubrum 

reaction .centers. Calculated from data in Figure 1. c) R.:_ SQheroi des 
r, 
\ reaction centers. Calculated from data in Sauer et ~ (1968), Figures 

2 and 3, normalized to equivalent concentrations. d) Chromatium Fraction A. 

Light~minus-dark CD spectrum. Activation wavelength, 530 nm. 

\.\ 
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~----------------LEGAL NOTICE------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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